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RESEARCH MEMORANDUM

AN INVESTIGATION OF A 0.16-SCAIE MODEL OF THE DOUGLAS X-3
ATRPLANE TO DETERMINE MEANS OF IMPROVING THE LOW-SPEED
ILONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS

By John W. McKee and John M. Riebe
SUMMARY

An investigation of a 0.16-scale model of the Douglas X-3. airplane
was made in the Tangley 300 MPH T7- by 1l0-foot tunnel to determine means
of improving the low-speed longitudinal stability and control character-
istics. Various high-1ift devices in the form of plain and slotted
leading-edge flaps and plain, split, and slotted trailing-edge flaps
were also tested on the model.

The model in the original condition, flaps up, had unsteble pltching-
moment characteristics near the stall. (0.6 1ift coefficient) which were
caused by an unstable break in the pitching-moment chearacteristics of +the
wing at the stall and by the fact that the relatively large fuselage con-
tinued to increase the downwash angle at the tall location as the angle
of- attack was increased sbove that at which wing stall occurred. The
severity of the unstable break in the pitching-moment curve was reduced,
or the break eliminated, as the span of the horizontal tail was increased.
The largest static margin end one of the smoothest pitching-moment-
coefficient variations with 1ift coefficient occurred for the highest-
aspect-ratio tail (4.76) tested on the model in the position of the orig-
inal tail. Raising the wing for one of the tail configurations {aspect
ratio 4) so that the tail was 4 percent wing mean aerodynamic chord above
the wing-chord line extended, compared with 53 percent mean aerodynamic
chord for the low wing position, resulted in a decided improvement in
longitudinal stabillity at the stell. A model conflguretion which had =
high wing and a low_tall with & moment arm sbout half the moment arm of
the original teil generally had good stability characteristics through
the 1ift range. The large differences in longltudinal stebility at the
stall for the X-3 model with various tail configurations resulted primarily
from large spanwise variations in effective downwash angle.
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The highest trimmed maximum 1ift coefficient was obtained with a
slotted leading-edge flap deflected 450 combined with either a slotted
or a split trailing-edge flap deflected 500..

- INTRODUCTION

.

An investigation of a 0.l6-scale model of the Douglas X-3 research
airplane to determine means of improving the low-speed longitudinal sta-
bility and control characteristics has been made in the Langley 300 MPH
T~ by 10-foot tunnel.

Previous investigations of preliminary models of the X-3 research
airplane, such as that of reference 1, have 1ndicated longitudinal
instability for the alrplane at the stall at both low speed (ref. 1)
and high subsonic speeds (unpublished). The primary objective of the
present investigation, which was made on a later and more complete model
version of the airplane having a canopy and a ducting system, was to
determine the factors in the ailrplane design that were resulting in
unstable pltching-moment characteristics of the model at the stall and
to provide corrective measures that generally would necessitate the
least possible change in design. Various high-1ift devices in the form
of plain and slotted leading-edge flaps and plain, split, and slotted
trailing-edge flaps were alsc tested on the model.

SYMBOLS

The system of axes used, together with an indication of the positive
forces, smoments, and angles, is presented in figure 1. Pitching-moment
coefficlents are given about the center-of-gravity locatlion shown in fig-
ure 2 (0 percent of the mean aerodynamic chord). The symbols used in
this paper are defined as follows:

Cy, 1ift coefficient, Lift/qS

Cm pitching-moment coefficient, M/gS¢

Cp drag coefficient, Drag/qs

X longitudinal force along X-axis, 1b

7 force along Z-axis (1ift equals -Z), 1b

an

wh
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M pitching moment about Y-axis, ft-1b

a free-stream dynamic pressure, pV2/2, lb/sq ft

S wing area,. sq'ft

c wing mean aerodynemic chord, ft

c loecal chord

b wing span, ft

v free-stream velocity, £t/sec

A aspect ratio

A taper ratio

A swveep angle, deg

p mass densIty of eir, slugs/cu Tt

a - angle of attack of fuselag% reference line, deg

ig deflection angle of all-movable tail with respect to fuselage
reference line, deg (hinge line located at 25 percent €
of original tail)

3 : flap deflection measured in a plane perpendlcular to hinge
line, deg (fig. 4&)

€ downwash éngle, deg

Subscripts:

IE leading edge

TE trailing edge

t tall

0.25c 25-percent-chord line

max . maximum
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MODEI. AND APPARATUS

The physical characteristics of the 0.16-scale model of the Douglas
X-3 research alrplane are presented 1n figure 2 and a photograph of the
model mounted 1n the Langley 300 MPH 7- by 1l0-foot tunnel is shown as
figure 3. The model was constructed by the Douglas Aircraft Compeny
and is one of a serles of models used by the Langley Pillotless Aircraft
Research Division for a high-speed investigation. A second wing was
constructed of wood with the same airfoil section and plan form as the
original wing for the iInvestigation of the various lesding- and trailing-
edge high-1ift devices shown in figure 4. Dimensions of the various
revised all-movable horizontal-tail arrangements, which were constructed

by adding é%--inch sheet brass to the original tail, are given in fig-

ure 5 and the geometric characteristics of the wing-tip taill arrangement
are shown in flgure 6. Several auxiliary horizontal surfaces which were
added separately to the model and various fuselage-nose arrangements
tested are shown in figures 7 and 8, respectively. A rather crude high-
wing—low-tall model configuration that was devised during the test pro-
gram 1s shown In figure 9, and dimensions of the rounded wing-leading-
edge arrangement are given in figure 10.

The twin alr ducts were normally open with no air-flow restriction.
For some tests the ducts were plugged at the duct inlets. Plug fairings
used at the duct inlets of the model were of two shapes, flat and hemi-
spherical with surfaces tangent to the inlet lips.

CORRECTIONS

Jet-boundary corrections have been applied to the angles of attack,
the drag coefficients, and the tall-on pitchling-moment coefficients.
The corrections, computed by use of reference 2, were as follows:

Aa = 0.410CT,

ACyp 2

0.0071Cy,

ACp = 0.0121CT,

where Aa 1is measured in degrees. All jet-boundary corrections were
added to the test data.
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Corrections due to blocking by the model and its wake as well as
tare corrections resulting from the support strut have not been =zpplied.
Previous tests on other models indicate that these corrections would be
small except for the drag tare correction. Estimates made from previous
investigations of similar complete-model setups in the Langley 300 MPH T-
by 10-foot tunnel indicate that the drag coefficients for the 0.l6-scale
X-3 model would be lower by about 0.0l if the effects of the model support
struts were considered. R

The test data have been corrected for horizontal buoyancy and alr-
flow misalinement in the tunnel.

The tests were made in +the Langléy 300 MFH 7- by 10-foot tunnel at
a dynamic pressure of 99.75 pounds per square foot (except where noted
otherwise) which corresponds to a Mach number of 0.26k4 and a Reynolds num-

ber of 2.23 X 106 based on the wing mean aerodynamic chord of 1.25L feet.

RESULTS AND DISCUSSION

Table I is an index of figures 11 to 30, which present the results
of the investigation. '

The results of longitudinal tests of the original model configura-
tion (fig. 2) showing unstable pitching-moment characteristics at the
stall of the model (at about 12° angle of attack and near 0.6 trim 1lift
coefficient for a tail setting of -U4°) are shown in figure 11l. The
model with the tail off was unstable in about the same angle-of-attack
and lift-coefficient range. A large loss in stabilizing influence from
the tail occurred near the stall region, as shown by the tail-on and
tail-off pitching-moment-coefficient curves which became nearly parallel
at the higher 1ift coefficients.

In order to determine the factors in the airplane design that were
resulting in unstable pitching-moment characteristics of the model at
the stall, the longitudinal stability characteristics of component parts
of the original model were determined and are presented In figure 12.
The figure shows the large unstgble contribution of the fuselage to the
pitching moment throughout the angle-of-attack range. In the lower angle-
of-attack range, the wing alone was longitudinally stable to the extent
that, when combined with the fuselage, the combination was only slightly
unstable. The pitching-moment-coefficient curve of the wing alone broke
unstable at the stall (sbout 14° angle of attack). The pitching-moment-
coefficient curve of the combined wing-fuselage configuration broke
unstable at a smaller angle of attack and 1lift coefficient than the
pitching-moment coefficient of wing alone plus fuselage alone; thus
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some deleterious effect from wing-fuselage interference is indicated. "
However, at higher angles of attack, wing-fuselage lnterference was
stebilizing. .

The addltion of the horizontal tail of the original model was not
only unsuccessful 1in removing the longitudinal instability at the stall
of the wing-fuselage combination but also made the instebility in about
the 16° to 19° angle-of-attack range slightly greater, as shown by the
curve for the complete model minus fuselage and wing which corresponds
to the condition for the tail alone in the presence of wing and fuse-
lage. The tail with only the 1lnterference effects from the fuselage was
generally stabilizlng throughout the angle-of-attack range as shown by
the curve for (fuselage + tail) - (fuselage alone).

Effect of Various Factors on Longitudinal Stebility

In order to provide corrective measures to the unstable pitching-
moment characteristics of the model at the stall that would generally
necessltate the least possible change in design, the following various
test conditions and configurations were applied to the model.

Reynolds number effect.- As shown by figﬁre_lh, Reynolds number
had no large effect on the longitudinal instability of the model at the
stall in the range of Reynolds numbers Investigated.

Air flow over fuselage in vicinity of ducts.- Air-flow studies of
the originasl model by means of wool tufts (fig. 13) showed unsteady flow
on the fuselage in the region above the duct lips as well as early wing
stall. In order to determine whether fuselage air-flow separation was
contributing to the longitudinel instabillity, smooth flow, as shown by
unpublished tuft studies, was established over the fuselage by plugging
the duct with a rounded fairing; however, the longitudinal instability
was still present (fig. 15). The fact that the instability was little
affected by separation over the duct 1s seen from similar pitching-moment
data for the configurstion with a flat plug across the duct entrance.

The results of tuff studies for this configuretion, not presented herein,
showed & much larger air-flow separation commencing at a lower angle of
attack than thet which exlisted for the original model. Similer tests at
other Reynolds numbers, not presented herein, show the same lack of effect
of alr-flow separation on the sbrupt reversal of pitching moment. It can
be noted, however, that the largest—1instabllity occurred with the duct
open, perticularly in the range of « = 14°, Cp = 0.6 to a = 22°,

C1, = 0.8 (figs. 15 and 11).

Wing Incidence.- Some additional evidence that the unstable break «
in the pitching-moment curve is directly assoclated with wing stall rather
than fuselage attitude 1s presented in figure 16(a) where it is shown that
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changing the wing incidence from 0° to 2.5° had little effect on the

variastion of the pliching-moment coefficient with 1ift coefficient and
that the unsteble break occurred at sbout the same wing angle of attack
(fig. 16(1v)). _ -

Some effects of wing incidence on the change in pitching-moment
coefficient at a given 1ift coefficient (which would spply to airplanes
end missile configurations with longitudinal control provided by means
of an all-movable wing) are shown in figure 16{(a). The wing-incidence
increase for the condition with tail off resulited in a negative incre-
ment in pitching moment at a given 1ift coefficient; whereas only a
small change in pitching-moment coefficient occurred with tail on. Wing-
incidence change did affect both tail-on and tail-off pitching moment
when plotted against angle of attack of the fuselage reference line
(fig. 16(b)). These differences in pitching-moment-coefficient incre-
ments resulted from the pitching-moment-coefficient contribution from
the longitudinelly unstable fuselage alone (fig. 12), the pitching-
moment-coefficient contribution from the tall resulting from angle-of-
attack change of the model, and the pltching-moment-coefficient contri-
bution from the tail caused by change in wing downwash at the tail.

The fuselage effect can be shown by considering at a given 1lift
coefficient the difference iIn pltching-moment-coefficlent increment
from wing-incidence change for tall on and off. For the tall-off condi-
tion the wing may be considered as held at a given angle of attack (in
order to hold the 1ift coefficient comstant) and the fuselage attitude
changed 2.5° inasmuch as the fuselage lift-curve slope is very small
(fig. 12). For the tail-off condition, the 2.5° wing-incidence change
corresponds to about -0.04 pitching-moment-coefficient increment
(fig. 16), which agrees very nearly with the pitching-moment-coefficient
increment for negative 2.5° change of fuselage-alone attitude (fig. 12).
For the tail-on condition, and with the wing held at a glven angle of
attack in order to obtain constant 1ift céefficient (a condition which
1s only approximated because of the Increased lift-curve slope of the
fuselage plus tail, compared to that of the fuselage, fig. 12) a nega-
tive 2.5° shift of fuselage-plus-tail ettitude resulted in a 0.15 posi-
tive increment of pitching-moment coefficient (fig. 12). This positive
increment, which partielly offsets the negative pltching-moment incre-
ment of the fuselage alone, was a contributing factor for the small
change 1n pitching-moment coefficient ceused by wing-incidence change
with tail on. However a constant 1lift coefficient as assumed gbove to
explain fuselage effect on the difference in pitching-moment-coefficient
increment, tail on and off, cannot be reslized bhecause of the negative
1ift of the fuselage plus teil for negative shift 1in fuselage-plus-tail
attitude. It is therefore necessary also to consider a positive angle-
of-attack shift for the wing-fuselage~tall combination. BSince wing
angle-of-attack change will have the largest effect on 1ift, the pitching-
moment-coefficient change resulting from wing-incidence change at a fixed
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fuselage angle of attack might be considered, (fig. 16(b)). With the
center of moment at O percent €, an increase of wing incidence for the
tail-off condition might be expected to result in the diving moment at

a given fuselage angle of attack (fig. 16(b)). However with the tail

on, the diving moment from the wing-incildence change was smaller and was
evidently compensated by a download on the tail resulting from increased
downwash from the wing. The downwash effect on the tail is shown in fig-
ure 12 by the difference in slopes of the pitching-moment-coefficlent
curves for (complete model) - (fuselage + wing) and (fuselage + tail) -
(fuselage alone).

Fuselage-nose shape.- Shortening the fuselage nose (fig. 8) did
not alleviate the pitching-moment-coefficient bresk (fig. 17 .

Wing-leading-edge shape.- Extending the angle of attack at which
wing stall cccurred by use of the rounded wing leading edge altered the
model pitching-moment characteristics (fig. 18). Rounding only the out-
board section of the wing did not have very much effect on the pitching-
moment characteristics; whereas rounding only the Inboard section delayed
the unstable pliching-moment break to higher lift coefficlents. A full-
span rounding of the wing leading edge -resulted in a general smoothing
of the pitching-moment curve, delayed the stall 1ift coefficient from
about 0.6 1ift coefficient to 1.1 1ift coefficient, and resulted in a
stable but erratic break of the pitching-moment curve at the wing stall
for the tall lncidence angle of -4°, However, the model with the full—
span rounded wing leadlng edge and with tail incidence angle of -14° vas
slightly unstable in the 0.7 to 1.1 l1lift-coefficient range. .

Wing-tip tail and fillets.- The addition of the wing-tip tail
(fig. 6) to the original model did not improve the umnsteble break at
the stall (fig. 19) but resulted in a stable shift of the pitching-
moment curves, tall on and off. The wing fillet bhad a smoothing effect
on the pitching-moment curve; however, the model was still unstable at
the stall.  The horizontel fin and tail fillet had very little effect

on the pitching-moment characteristics.
]

.

Tall size and aspect ratio.- The severity of the break in the
pitching-moment curve of the-model (fig. 20) was dependent upon the
span of the horizontal tail used, which was larger for the higher aspect
ratios (flg. 5). With either the tail configuration of aspect ratio %.0
or of 4.76, the model was generally longitudinally steble throughout the
lift-coeffliclent range tested. Some instabillty occurred at about O. €2
1ift coefficient and 15° angle of attack for the aspect -ratio-4.0 tail
at -4° incidence angle, (fig. 20); however, for tail incildence angles
nearer trim for 0.62 1lift coefficient (fig. 25(a)) the model was longi-
tudinally stable. An unstable break in the pitching-moment curve near
0.6 1ift coefficient was stlll present with the tall configuration of

P
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aspect ratio 3, %% = 0.52 but it was much less severe than the unstable

break of the original model configuration which had the same aspect ratio

" but a shoriter span.

a

The variation of effective downwash angle with angle of attack com-
puted from the tail-incidence. and tail-off tests for the model with var-
ious tail configurations (fig. 21) indicates that the stability of the -
model was severely affected by spanwise downwash-distiibution variation.
The effective downwash for the original tail configuration continued to
increase rapidly at angles of attack far above wing stall (approximately
11° for the wing in the presence of the fuselage) primarily because the
1ift of the fuselage which held to angles of attack beyond that of the
wing (fig. 12); the fuselage width (fig. 2) was relatively large compared
to the tail span. Increasing the tail espect ratio and the ratio of tail
span to wing span resulted in a larger part of the tail being in a more
favorable downwash region where the wvariation of effective downwash angle
with angle of attack, de¢/da, was reduced.

Wake surveys behind a somewhat similar model of the X-3 airplene in
reference 1 showed a large reduction of downwash angle and an increase
of dynamic-pressure ratio in the region of the tail with increasing
distance from the plane of symmetry at high angles of attack. The ref-.
erence paper also showed that the effect of the fuselage downwash was
destabilizing after the wing stalled.

Relative position of wing and tail.- Raising the wing for the
aspect-ratio-%.0 tail configuration so that the tail was 0.0LZ above
the chord line extended, compared to 0.53¢ above the chord line extended
for the low wing position, resulted in Increased longitudinal stability

.above 0.7 lift coefficient (fig. 22(a)).

The configuration with the high wing and low tail (fig. 9) hed
stable pitching-moment curves which for all cases near trimmed values
of pitching-moment coefficient were free of reversals or sudden changes
in slopes (fig. 22(b)). This high-wing—Ilow-tail configurastion, which
had a moment arm gbout half the moment arm of the original tail, appears
to offer one means of reducing the longitudinal-stability problems asso-
cigted with airplanes having low-aspect-ratio wings and horizontal tails.
The variation of effective downwash angle with angle of attack was very
favorable for good stsbility at high angles of attack for the tail con--
figurations with high wing location (fig. 21). The upwash shown for the
high-wing—low-tall configuration at 0° .angle of attack was probably due
to upflow around the fuselage.

A comparison of the neutrzl points 6f the model with the various

tall arrangements is presented in figure 23. The discontinuities that
occurred for some of the tail configurations resulted from unstable
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breaks in the pitching—moment curves of the tail-incidence tests from
which the neutral points were determined. As might be expected, the
static margin for the model lncreased with aspect ratio and area of

the horizontal tall tested in the position of the original tailil. The
smallest and smoothest neutral-point shift with 1ift coefficient in the
0 to 0.6 1lift-coefficient range, about 15 percent ¢, occurred for the
configuration having the high wing end low tail. Neutral points are
not given above 0.6 1lift coefficient for the tail configurations which
have plitching-moment data far from trim conditlons.

Leading- and trailing-edge flaps.- As shown in figures 24(a) and
26, deflecting the plain leading-edge and trailing-edge flaps on the
model with the original tail generally increased the longitudinal sta-
bility in the low positive lift-coefficlent range and delayed the unsta-
ble break in the pitching-moment curve to higher values of 1ift coeffi-
cient. The configuretion wlth a slotted leading-edge flap deflected
450 and a split trailing-edge flap deflected 50° also had increased sta-
bility at low 1ift coefficients but had neutral stabillity and an unstable
bresk in the piltching-moment coefficient at high 1lift (fig. 26(e)). With
the slotted leading-edge flap deflected 45° and trailing-edge flap at
zero deflection, =2 steble break occurred at high 1ift coefficients, but
the model had some instability in about the 0.5 to 0.8 lift-coefficient
range (fig. 26(f)).

Flap characteristics on the wing alone (fig. 24(b)) also showed
with leading-edge flap deflection an increase in maximum 11ft coeffi-
cient at which the pitching moment hecame unstable.

. With the aspect-patio—h.o tall configuration the model was generally
steble throughout the lift-coefflcient range, regardless of the type and
deflection of the leeding- and trailing-edge flaps tested (figs. 25 and
27). Some instaebllity did occur at the stall for the configurastion with
a split trailing-edge flap and with plain leading-edge flap (fig. 25(c));
however, these data are for tail incidence angles which are far out of
trim.

For the tall of aspect ratio 3 and %} = 0.52 a slight unstgble

break occurred in the 0.7 to 0.8 lift-coefficient range with trailing-
edge flap et zero deflection and the leading-edge flap deflected 10°
(fig. 28(b)). Deflecting the plain leading-edge flap 30° with split
trailing-edge flap deflected 50° produced stability throughout the 1lift
range for negative taill incidence angles which would be required for
trim (fig. 28(c)). Deflecting a plain leading-edge flap 30° in conjunc-
tion with a split trailling-edge flap deflected 50° produced about neutral
stability of the model with negative tail incidence angles for the

A = 4,76 tail at intermediate 1ift coefficlents of 0.8 to 1.1 (fig. 29(c)),
but for this model configuration a stable break occurred at the stall.
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Flap Charscteristics

Effect on CLmax" The lift-coefficient curves presented in fig-

ure 24(a) show the beneficial effect of deflecting the leading-edge flap
in extending the linear portion of the 1lift curve to higher values of
1ift coefficient by delaying leading-edge separation. The maximum 1lift
coefficient (defined as that 1ift coefficient at which the slope of the
1ift curve first became zero) was extended from 0.63 at a« = 11.5° for
the model with plain wing to 1.0 at o =-20° for the model with the
leading-edge flap deflected 30°. An index of the various flap arrange-
ments tested for various tail configurations on the model is given in
table II. Included in the table are values of meximum trim 1ift coef-
ficient obtained for the various model configurations by either inter-
polating the data for various tail incidedices or by estimating the loss
in 1ift caused by download on the tail for trim.

Because the'téil moment arm was essentially constant, the taill
configuration- generally had negligible effect on trimmed Crp,. for a

given leading- and trailing-edge flap configuration. The unstable break
in pitching-moment coefficient was considered as the factor limiting the
maximum trim 1ift coefficient for the originel model and wing-alone con-
figuration. For the model with revised tail configurations, a sudden
stable break in pitching-moment coefficient might be the Iimiting factor,
but higher trim 1lift coefficlents might be obtained, depending on the
effectiveness of the tall at incidence angles higher than those tested.
For example, the data of figure 27(b), (the model with the A = 4.0 tail
with leading-edge flap undeflected and slotted trailing-edge flap
undeflected) show that the model might be capable of being trimmed at
1ift coefficlents above the stable break in pitching moment. The trim
1ift coefficient of the model at the stable break in pitching moment
with either the split or slotted trailing-edge flap was about the same.
The highest trimmed maximum 1ift coefficient was obtalned on the model
with a slotted leading-edge flap deflected. 45° combined with either a
slotted or a split trailing-edge Tlap deflected 50°. The slotted leading-
edge flap configuration on the model was optimum in & two-dimensionsl
investigation (ref. 3); however, the configurations may not be optimum
for the.present three-dimensionsal Iinvestigation. At ithe time of testing,
the single slotted trailing-edge flap configuration (fig. (b)) was
believed optimum. However, recent unpublished datae on other wings have
indicated that better 1ift effectiveness can be obtained with geps other
than that tested.

Effect on tail effectiveness and minimum flying speed.- A comparison
of the tail incidence required for steady, straight, unyawed f£light of
the X-3 model with various tall arrangements and various leading- and
trailing-edge flap configurations is given in figure 30. The minimum
velocities for the model with the original tail configuratior were
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generally determined by the 1lift coefficients at which the model became
longitudinally unstable. The minimum velocities for the model with the
revised tail configurations correspond to the lift coefficients at which
a loss of tail effectiveness occurred because of a sudden rapid increase
in longitudinal stability such as shown in figure 27(h)}. The limit min-
Imum speeds for some of the configurations were not determined because

it would have been necessary to extrapolate the teil-effectiveness data,
such &5 shown in figure 28(a), to tail deflection angles far beyond those
investigated.

The lowest minimum speed occurred for the model with the A = 4.0
tail configuration with the slotted leading-edge flep deflected 45° and
split trailing-edge flap deflected 50°. The use of a slotted trailing-
dge flap deflected 50° in place of the split trailing-edge flap deflected
50% produced about the same varistion of iy with airspeed. However,
the minimum speed might actually be slightly lower, depending upon how
tail effectiveness varies at tail deflection angles beyond those tested
in the present lnvestigation.

These data generally show only a small change in taill incidence angle
required when the various flaps are deflected from the zero position.

-

CONCLUSIONS

Results of longitudinal stability tests on a 0.16-scale model of the
Douglas X-3 research airplane in the Langley 300 MPH 7- by 1l0-foot tunnel
indicate the followlng conclusions:

l. The original model conflguration had unstable pitching-moment
characteristics at the stall which were caused by an unstable break in
the pitching-moment characteristic of the wing a2t the stall and by the
fact that the relatively large fuselage continued to increase the down-
wash angle at the tail location as the angle of attack was increased
gbove that at which wing stall occurred. Ailir flow through the duct and
separation on the fuselage at the entrance location had negligible effects
on the unstable pitching-moment break.

2. The severity of the unstable break in the pitching-moment curve
was reduced or the break eliminated as the span of the horizontal tall
was increased so that a larger part of the tall was in a more favorable
downwash regilon.

3. The largest static margin and one of the smoothest varlations of
pitching-moment coefficient-with 1lift coefficient for the case with no
flaps deflected occurred with the highest=aspect-ratic and largest-span
taill tested on the model at the orxlginal tail location.
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; 4. Raising the wing for the aspect-ratio-4.0 tail configuration so
that the tail was Y4 percent wing mean aerodynamic chord above the wing-
chord line extended, compared to 53 percent mean aerodynamic chord for
the low wing positicn, resulted in s decided improvement in longitudinal
stabllity at the stall.

‘5. A model configuration which had a high wing and a low tail with
a moment arm about half the moment arm of the original tail generally
had good stability characteristics through the 1ift range.

6. For the model with tail configurstions heving unstable bresks
in the pitching-moment curves, various arrangements of the leading- and
trailing-edge flaps generally increased the stebility in the low 1ift-
coefficient range and delayed the unstable bresk to higher 1ift
coefficients.

T. The highest trimmed maximum 1lift coefficient was obtained on the
model with a slotted leading-edge flap deflected 45° combined with either
a slotted or a split trailing-edge flap deflected 50°.

- Langley Aeronautical Laboratory,
National Advisory Commlittee for Aeronautics
Langley Field, Va.
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16‘ Effect of wing incidence on the longitudinal stability of the
model. Original configuration.

17 Effect of altering the fuselage-nose configuration on the longi-
tudinal stability of the model. it =

18 Effect of rounding the wing leading edge on the longitudinal
stability of the model.

19 Effect of suxiliery fillets and a wing-tip tall on the longi-
tudinal stability of the model. 14 = 0°.

20 Effect of various taill arrangements on the longitudinal stability
characteristics of- the model. iy = -4°.

21 Effective downwash angles and dynamic-pressure ratio qt/q for
various tall arrengements of a 0.16-scale model of.the Douglas
X-3 alrplane.

22 Effect of tall location on the longitudinal stability charac-
teristics of the model with high and low wing.

23 All-movable-tall-fixed neutral poilnts of the Douglas X-3 airplane

as determined from wind-tupnnel test of a 0.16-scale model.
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Effect of various leading- and trailing-edge flap configurations
on the longitudinal stebility of: the original model.

Effect of various leading- and trailing-edge flap configurations
on the longitudinal stability characteristics of the model

with the A = 4.0, %’f‘ = 0.59 tail.

Effect of various leading- and trailing-edge flap configurations
on the tail effectiveness of the model. Original tail confi-
guration.

Effect of various leading- and trailing-edge flap configurations
on the tail effectiveness of the model with the A = 4.0,

% = 0.59 tail.

‘.

Effect of wvarious leading- and trailling-edge flap arrangements

on the tail effectliveness of the model with the A = 3.0,

b )
-bi = 0.52 tail.

Effect of various leading- and trailing-edge flap arrangements

on the tail effectiveness of the model with the A = 4.76,
b?t = 0.73 tail.

Effect of various flap arrsngements on the variation of horizontal-
tall incidence with indicated airspeed of the alrplane for steady
flight conditions. Wing loading, 100 pounds per square foot.
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TABLE IT.- INDEI OF FIGUAE? HAVING DATA O HIGH-LIFT DEVICES AND

ESTTHATED MAXTHIM TRTM LIFT CORFYICTIEETS

Flap configurmtion

Factor limiting

Model configuration Moximm trim Cp, oazimm trim Cf Figure
. Brp Sy (*)

Original model o° 0° 0.62 a 11, 24(a)
Original model 100 plain 0° .2 a 2h(a), 26{a)
Original model 300 plain o2 .99 a s4(a), 26(b)
Original model 300 plain &° plain 1.23 a eh(a), 26(c
Original model 30° plain 200 split 1.30 a phia), 26(4
Original model h5% slotted 0° c 2ia), E
Original model B59 glotted 500 aplit 1.65 a 24(e), 28(a
Wing algme 0@ o° .61 a 24(1:}
Wing alcna 10° plain o° 72 a 2h(b
Wing aloba 30° plain 0? ©.0 a B)
Wing elone 309 plain 609 plain 1.25 a 2h{b) )
Model vith A = b tail " pe 00 59 B 25(n), 25(b), 25(¢), £7(a}
Hodel with A = § tell To® 0° slotted ¢ 27(b)
Model with & = & tail mg plain Q0 ¢ 25(n), 25{c), 27(2)
Model with A = & tail 10° plein 209 slotted . c 25(n)
Kodel with A = b tail 10° plain 30¢ slotted c 25(v}
Model with A = b tadl 309 plain’ 30° slotted c 25(%)
Nodel with A = b tail 9. plain ho? glotted 1.26 b 2521:)., 27(h)
Model; with A = § tail 30° plain 50° slatted 25(h}
Hodel with A = b taf} 30% plain 50° eplit 1.3 b 2(¢), E’rEe)
Modal with A = & tall k%0 glotted 02 ¢ - aggc;, 27(c)
Model with A = 4 Eu 850 31otted 209 glotted e 25 )
Nodel with A = I tald 450 glotted 302 slotted c aj(r.;'
Model with A = b ta1l k50 slotted 40° alotted 1.63 b 29(a)-
Model withi A = L tail 150 plotted 500 slgtted 1.65 b £3(n), 27(d)
Model with A = b tail 150 plotted 50¢ split 1.67 b 2% e), £7(e)
Hodel with A = 3 tail o° o® .60 b 38(5;
Model with A = 3 tail 102 plain o° Ak b 28(h
Wodel with A = 3 'tal) 30° plain 509 spiit 1.30 b 28(c)
Hodel with & = 4.7 tail oo o° .61 b 29(a)
Nodel with A = k.7 tail 10° plain 0° .1 ) 29(b)
Model with A = 4.7 tall 30° plain 50° anlit 1.5 b 2% <)

b - Cp has gudden stable break in pitching moment but waxisom trim Cp, wight be higher, dopending cn tail affectiveness (for axample, see Tig. 27(b)).

¢ - Undeterwined (will depend on tail effectivensss at high incidence a.ngles].
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Figure 2.~ General errangement of the model, original condition (A11
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Foired with modeling clay

Section perpendicvlar 1o wing LE
Flap chord constant over full wing span

Plain flap

Hinge axes

X
o)
A
2
3
A 2 |39 |35
6 5| 42 | .36
6 A4 .37
7 46 .38
' 8 AT
” Section (berpendicular fo lw'n? LE
,59 Stat dimensions Constant over

\{ full wing sSpahn.
Slotted flap

(a) Leading-edge flaps.

Figure h.- Leading- and trailing-edge flap arrangements tested on model.
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Underside of lip ordm_a{cs

Flop fixed
hinge line

Slotted flap

21

Plain flap

Ovrdinate
Station| from wing chord

7475 | 0750

7500 q80

7525 |1 t60

79.50 (/303

7575 (| IH T

76.00 |L5I0

Zez25 | 4579

750 | 1630

7615 | [.EE4

7200 | 1-€81

1125 (684

1256 | 1€76 (TE)

NACA

(b) Trailing~edge flaps. All dimensions are in percent of wing chord.
Flap spans extended from fuselage to TO percent wing semispan and
from plane of symmetry to TO percent wing semispan for wing-alone

tests.

Figure k4.- Concluded.
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Figure 5.~ Concluded.
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Figure 6.- Wing-tip tail configuration tested on the model.
dimensions are in inches.)

(A11

L (]

TOHSGT WH VOVN




X%

TOHSCT W VOVN .

Wing fillet Tail fillet

Horizantal fin
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Figure 7.- Fin and fillet arrangements oﬁ the model. (All dimensions
are in inches.l)
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Figure 8.~ Fyselage~nose conPigurations tested on the model. {a11
: dimensions are in inches. )
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Figure 9.- The high-wing-lovw-tail model confilguration.
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Figure 10.- Rounded wing-leading-edge configuration of the medel. (A1l
dimepsions are in inches.)

TOHSST WM VOVMN

62




30 A ) NACA RM L52HOL

N W B O O
et

QO

i
o -4°
o O°
/6] < Tail off
a,deg

/2

=12

~/6

Py .
'ﬂ

24 _ [ |
-0 -8 -6 -4 2 0 2 4 6 & [0 /2

CL
Flgure 1ll.- Longltudinel serodynamic characteristics of the original model.
Reynolds number, 2.23 X 106,
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Figure 11.- Continued. .
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Figure 11.- Concluded.

2

6 20 24 28



5Y

NACA RM L52HOL - ¥ i 33
o Fuselage .
a Fuselage plus wing
< Wing alone

-  Wing alone plus fuselage alone
A Complete model, iy = O°
[N Fuselage +tail , iy = O°
--------- (Fuselage +tail) - (Fuselage alone)

4 | ——— (Complete model)- (Fuselage +Wing)
. 1
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TR Nt N——i
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Figure 12.- Longitudinal stability characteristics of component parts
of the model.
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Figure 12.- Concluded.
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Unsteady
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a=6°

Flaps zero; ducts open.

Figure 13.- Air-flow studles of the original model.
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Pigure 13.- Concluded.
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Figure 1h.-~ Effect of Reynolds number on the longitudinal atability of
the model. Original configuration; i, = -4°.
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/2
\m | O Duct open
08 N O Flat plug
\'2_ O Faired plug

- NN

0 N

' _ N
-04 ' % “i\mo

C,

Figure 15.- Effect of plugging the duct inlets on the longitudinal
stability of the model. Original configuration; 1 = -4°,
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(a) Variation of C, with Cj.

Figure 16.- Effect of wing incidence on the longitudinal stebility of the
model. Original conflguration.
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(b) Variation of Cp with a.

Figure 16.- Concluded.
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Pigure 17.- Effect of sltering the fuselage-nose configuration on the
longltudinal etability of the model, 1, = -4°.
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Wing . Tail
Leading edge Span I3
O Sharp Full - o°
O Sharp  Full -4°
| O Round  Full o°
12 ‘ & Round  Full . -4°
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. N © Round Inboard -4°
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Figure 18.- Effect of rounding the wing leading edge on the longitudinal
stablility of the model. -
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Figure 18.- Concluded.
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Flgure 19.- Effect of auxiliary fillets and a wing-tip tail on the
longitudinal stability of the model, iy = 0°,
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Figure 19.- Concluded.
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F:Lgure 20. - Effect of various tall arrangements on the longitudlnal
stability characteristices of the model. i = =40,
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Flgure 20.- Continued.
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Figure 20.- Concluded.
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Filgure 21.- Effective downwash angles and dynamic-pressure ratio qt/q
10or various tail arrangements of a O,16-scale model of the Douglas

X-3 alrplane.
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Figure 22.- Effect of tall location on the longitudinal stebility charac-
teristics of the model with high and low wing. Incldence of high wing,

0.33%°%; incidence of low wing, O°.
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Filgure 22.- Continued.
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(b} High wing with low tall of A = 5.6,

Figure 22.- Continuved.
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Figure 23.- All-movable-tail fixed neutral points of the Douglas X-3 alr-
plane as determined from wind-tunnel test of a 0.1l6-scale model.
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(a) Complete model configuration; i = -4°,

Figure 24.- Effect of various leading- and trailing-edge flap configura-
tlons on the longitudinal stability of the original model.
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Figure 25.- Effect of varlous leading- and trailing-edge flap configura-
tions on the longitudinal stability cbaracteristlics of the model with

b
the A =40, =£=0.59 tail.
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(b) Plain leading-edge flap; slotted trailing-edge flap; i, = -8°.

Figure 25.- Continued.
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(a) Plain leading-edge flap deflected 10°; trailing-edge

flap deflected 0°,

Figure 26.- Effect of various leading- and trailing-edge flap configura-

tions on the tail effectiveness of the model.
conflguration.

Original tail

99

TOHSST W VOVN




TOHSGT WY VOVN

i
O Tail off
‘s A 0°
é\‘ \ - o _4°
N[ |
oLl A N
~A
S
-6 -4 -2 0 2 4 6 .8

(b) Plain leading-edge flap deflected 30°; tralling-edge

flap deflected 0°.

Figure 26.~- Continued.

L9




2
Iy
I = o Tailoff
3 A o
b2
0 A
Cm AN I oLl
m N ‘{‘)\ X
_[ z\\ \<>\ o N JQ
. o) M\V H-.@— \.- ‘
-3
=2 o 2 4 6 8 .0 12
A

7

(c) Plein leading-edge flap deflected 300; plain trailing-edge

flap deflected 60°,

Figure 26.- Continued.
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flap deflected 50°.

Figure 26.- Continued.
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(c) Slotted leading-edge flap deflected 45°; trailing-edge
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(d) Slotted leading-edge flap deflected 45°; slotted trailing-edge
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Figure 27.- Continued.
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(e) Slotted leading-edge flap deflected 45°; split trailing-edge
flap deflected 50°.

Figure 27.- Continued.
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Figure 27.- Continued.
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(f) Plain leading-edge flap deflected 100; trailing-edge
flap deflected 0°.

Figure 27.- Continued.
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(g) Plain leading-edge flap deflected 30°; split trailing-edge
flap deflected 50°.

Figure 27.- Continued.
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Figure 27.- Concluded.
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(a) leading-edge flap deflected 0°; trailing-edge flap deflected O°.

Flgure 28.- Effect of various leading- and trailing-edge flap arrange-
ments on the tail effectiveness of the model with the A = 3.0,

by
= = 0.51 tatl.
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(b) Plain leading-edge flap deflected 10°; trailing-edge
flap deflected 0°.

Figure 28.- Continued.
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(c) Plain leading-edge flap deflected 30°; split trailing-edge
flap deflected 50°.

Figure 28.- Concluded.
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(a) Leading-edge flap deflected 0°; trailing-edge flap deflected O°.

Figure 29.- Effect of various leading- and trdiling-edge flap arrange-
ments on the tail effectiveness of the model with the

by
£ =0.73 tail.

A= L.76,
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(b) Plain leading-edge flap deflected 10°; trailing-edge
flap deflected 0°.

Pigure 29.- Continued.
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Figure 29.- Concluded.
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